This study reports the development of a microarraybased allele-speci®c extension method for typing of single nucleotide polymorphisms (SNPs). The use of allele-speci®c primers has been employed previously to identify single base variations but it is acknowledged that certain mismatches are not refractory to extension. Here we have overcome this limitation by introducing apyrase, a nucleotidedegrading enzyme, to the extension reaction. We have shown previously that DNA polymerases exhibit slower reaction kinetics when extending a mismatched primer compared with a matched primer. This kinetic difference is exploited in the apyrase-mediated allele-speci®c extension (AMASE) assay, allowing incorporation of nucleotides when the reaction kinetics are fast but degrading the nucleotides before extension when the reaction kinetics are slow. Here we show that ®ve homozygous variants (14% of the total number of variants) that were incorrectly scored in the absence of apyrase were correctly typed when apyrase was included in the extension reaction. AMASE was performed in situ on the oligonucleotide microarrays using¯uorescent nucleotides to type 10 SNPs and two indels in 17 individuals generating approximately 200 genotypes. Cluster analysis of these data shows three distinct clusters with clear-cut boundaries. We conclude that SNP typing on oligonucleotide microarrays by AMASE is an ef®cient, rapid and accurate technique for large-scale genotyping.
INTRODUCTION
Single nucleotide polymorphisms (SNPs) are the most common source of human genetic variation, occurring at a frequency of at least 1% in the population with an average of one SNP every 1±1.9 kb (1,2). They are implicated in disease susceptibility and are of pharmacological interest to elucidate drug response with their protein products being potential therapeutic targets (3, 4) . Their abundance and stability in populations also make them ideal genetic markers for identifying genetic factors associated with complex diseases (5) .
A wide variety of techniques have been used to type SNPs, and are based on allele-speci®c hybridization [e.g. TaqMan (6), Molecular beacons (7), Scorpion primers (8) ], enzymatic discrimination by polymerase or ligase [e.g. minisequencing (9) , allele-speci®c PCR (10), pyrosequencing (11) and oligonucleotide ligation assay (12) ] or mass spectroscopy (13) . However, these techniques are more suited to the typing of small numbers of SNPs, in contrast to the recently described microarray technology, which offers the potential for genotyping large numbers of SNPs in hundreds or thousands of individuals.
Hybridization with allele-speci®c oligonucleotide (ASO) probes on DNA microarrays relies on the thermal stability of the target and the short oligonucleotide probes for genotype determination (14, 15) . However, this method is not without its shortcomings, as reviewed by Hacia (16) . Intra/intermolecular structure can make target hybridization unpredictable with sequence variation involving insertion/deletions (indels) posing a special problem as they produce targets that may form duplexes containing bulged nucleotides with wild-type probe (16, 17) . Heterozygous variations are also generally more dif®cult to detect using ASO hybridization than homozygous base changes as wild-type allele hybridization signals may mask the hybridization signal of the mutant allele. Indeed, a recently described mapping study could only assign a genotype at 60±70% of the analyzed sites (15) .
To enhance the discriminating power of ASO hybridization, enzymatic reactions have been performed on the oligonucleotide arrays (18±21). In minisequencing, the hybridized target is used as a template for further extension by DNA polymerase using labeled dideoxynucleotides, which terminate chain elongation allowing determination of the nature of the base immediately 3¢ of the extension primer (22, 23) . These assays require up to four¯uorophores or four detection reactions and have shown discriminatory power that is one order of magnitude higher than ASO hybridization (24) . Recent modi®cations of this method involve TAG arrays where the arrays are independent of the speci®c markers typed (19, 20) .
An alternative to minisequencing is allele-speci®c extension, which requires only a single detection reaction of onē uorophore. It is based on the extension of primers that differ at their 3¢ nucleotide de®ning the allelic variants of the SNPs and its success can primarily be attributed to the lowered intrinsic ef®ciency of DNA polymerases to extend *To whom correspondence should be addressed. Tel: +46 855378327; Fax: +46 8 55378481; Email: joakim.lundeberg@biotech.kth.se mismatched primers (10) . A problem which has greatly hampered the development of such allele-based discrimination methods is the extension of mismatched primers with several reports published on mismatches that are not refractory to allele-speci®c PCR ampli®cation (10,25±27). Some mismatches such as G:T or C:A are clearly not refractory to extension (10) and in two independent studies it was observed that generally all T mismatches were well extended in addition to A:C and C:A mismatches (25, 28) . Allele-speci®c extension has recently been adapted to microarray formats for SNP analysis but either required the use of RNA for suf®cient discrimination (21) or reported a high error/no call rate for determination of homozygous nucleotide substitutions (29) . We have described previously the addition of apyrase to allele-speci®c extension to increase the speci®city of extension by minimizing extension of such mismatches (30) . This apyrase-mediated allele-speci®c extension (AMASE) exploits the fact that DNA polymerases exhibit slower reaction kinetics when extending a mismatched primer compared with a perfectly matched primer. Apyrase, a nucleotide-degrading enzyme, degrades the nucleotides before extension if the reaction kinetics are slow. Here we describe genotyping on DNA microarrays based on this principle. We initially show the increased speci®city of allele-speci®c extension when apyrase is employed followed by application of this method to the typing of 10 SNPs and two indels in 17 individuals generating approximately 200 genotypes.
MATERIALS AND METHODS

Oligonucleotides
The allele-speci®c extension primers were synthesized with a 5¢ amino group that facilitates covalent immobilization on the glass slide. A spacer sequence of 15 T residues was included at the 5¢ end of the gene-speci®c sequence (Table 1) . The genespeci®c sequences of the extension primers were designed to have a T m of 52±54°C with the 3¢ nucleotide hybridizing at the variant position (Table 1) . Modular probes that annealed adjacent to the 5¢ terminus of the extension probes were used to improve hybridization ef®ciency. These modular probes were synthesized with a carbon spacer (C3) at the 3¢ end to prevent extension during hybridization (Table 1 ). In addition, amino linked oligonucleotides were synthesized to act as hybridization and extension controls. The sequence of the printed hybridization control (PHC probe) and the printed extension control oligonucleotides (PXC probe) were 5¢-CCTGGCAAATTCATTTCT-3¢ and 5¢-GGTGCACGGTCT-ACGAGA-3¢, respectively. A labeled target hybridizing control oligonucleotide (THC probe), which was used for normalization, was synthesized with either a Cy5 or a Cy3 label (5¢-AGAAATGAATTTGCCAGG-3¢). A 66mer control extension target (TXC probe), which hybridizes to the spotted extension control, was also synthesized (nucleotides 274±341 of the HCV genome, accession number M623321). The oligonucleotides were synthesized by Thermo Hybaid, Interactiva, Germany, and MWG-Biotech, Germany.
Microarray preparation
Amino linked oligonucleotide capture probes suspended at a concentration of 20 mM in 150 mM sodium phosphate pH 8.5 and 0.06% sarkosyl were spotted using a GMS 417 arrayer (Affymetrix, USA) on 3D-link activated slides (Motorola Life Sciences, IL, USA). Sarkosyl was added to the spotting solution as it improved spot uniformity. The arrays were printed in three different areas on the slides with either one or four hits per dot and with two to three replicate spots in each array. Prior to spotting, the extension primer solutions were spiked with 2 mM of the hybridization control oligonucleotide (PHC probe). This control probe hybridizes to a labeled oligonucleotide (THC probe) with the duplex serving as a hybridization and normalization control. The 18mer extension oligonucleotide (PXC probe), which acts as an extension control, was also printed on the slide. This oligonucleotide hybridizes to the 66mer extension control target (TXC probe), which is spiked into the target DNA and the duplex serves as a positive control for extension. After printing, the arrays were incubated overnight in a humid chamber followed by post coupling as outlined by the manufacturer. Brie¯y, the slides were incubated at 50°C for 15 min in blocking solution (50 mM ethanolamine, 0.1 M Tris pH 9 and 0.1% SDS), rinsed twice in dH 2 O and washed with 4Q SSC/0.1% SDS (prewarmed to 50°C) for 15±60 min. The arrays were then rinsed in H 2 O and dried by centrifugation for 1 min at 500 g.
To optimize hybridization conditions, p53 and methylenetetrahydrofolate reductase (MTHFR) extension oligonucleotides were spotted as described above but instead of spiking the spotting solutions with the hybridization control, a dilution series of the hybridization control was spotted separately on the array.
DNA samples and PCR
A total of 12 polymorphisms were typed here, which consisted of nine single nucleotide substitutions in eight genes that are implicated as risk factors for myocardial infarction as well as a nucleotide substitution in codon 72 of the p53 tumor suppressor gene (11) (J.Odeberg, unpublished data). An indel in a candidate gene for coronary heart disease and a deletion in the chemokine receptor that confers resistance to HIV-1 (31) were also typed.
Seventeen individuals genotyped previously by pyrosequencing at 11 of these polymorphic positions were selected for typing by AMASE (11) (J.Odeberg, unpublished data). CCR5 was genotyped by AMASE in eight of these individuals and their genotype con®rmed by PCR and agarose gel electrophoresis.
SNPs were typed by AMASE in either the sense or antisense direction. Here seven SNPs are typed on the coding strand while ®ve are typed on the non-coding strand. The choice of whether to type in the sense or antisense was based on the direction that pyrosequencing was performed in so that the same biotin/non-biotinylated primers could be used.
Nested PCR was carried out on human genomic DNA amplifying 10 SNPs (J.Odeberg, unpublished data). An outer 10plex PCR was initially performed and this outer PCR product was diluted 10-fold in 0.01 M Tricine±KOH pH 9.2, 1 mM EDTA and 5 ml was used as template in 10 simplex inner PCRs. Nested PCR to amplify exon 4 of p53 was performed as described previously (11) . PCR was performed on genomic DNA to amplify CCR5 with the primers CCR5upstream (5¢-Biotin-TCTCCCAGGAATCATCTTT-ACC-3¢) and CCR5downstream (5¢-TGTGCCTCTTCTT-CTCATTTCG-3¢) as described for the other SNPs using a temperature pro®le of 95°C for 12 min, 94°C for 1 min, 55°C for 1 min, 72°C for 2 min (35 cycles) and 72°C for 10 min. All the PCR products generated were~80±100 bp in size.
Optimization of hybridization conditions
Initially we investigated whether stabilizing modular probes would improve the hybridization of the DNA targets to the spotted oligonucleotide array. Cy5 labeled single strand (s/s) DNA was prepared from p53 and MTHFR PCR products that had been ampli®ed with biotin and Cy5 labeled PCR primers. s/s DNA was prepared from 25 ml of each PCR product by strand-speci®c elution from Streptavidin beads (Dynabeads â M-280; Dynal, Oslo, Norway) as described previously (32) . The s/s DNA was incubated in 150 ml 5Q SSC/0.2% SDS with 0.12 pmol Cy5 labeled hybridization control oligonucleotide (THC probe), 10 pmol modular probes and 0.5 mg singlestranded binding protein (SSB) (Amersham Pharmacia Biotech, Uppsala, Sweden) at 70°C for 5 min. Hybridization was then performed using 120 ml of this hybridization solution in a GeneTAC hybridization station (Genomic Solutions, MI) at 50°C for 20 min. Hybridization was followed by two washes in 2Q SSC/0.1% SDS (preheated to 50°C) for 5 min proceeded by washing in 0.2Q SSC and 0.1Q SSC for 1 min. The slides were dried by centrifugation at 500 g for 1 min prior to scanning. Hybridization without the modular primer was performed in parallel. Hybridization signals were then compared to analyze capture with and without the modular probe. The Cy5 hybridization control spots on the array were used to normalize the data to facilitate comparison between the different slides.
Allele-speci®c extension
Prior to extension, the s/s DNA generated by strand-speci®c elution from 10 ml of each of the 12 biotinylated inner simplex PCR products was hybridized to the array. Conditions for hybridization of this s/s DNA are as described above except a Cy3 labeled hybridization control (THC probe) was used and 0.5 pmol of the 66mer TXC probe was also included.
Extension was performed in 100 ml of an extension mix containing 80 mM Tris±acetate, 0.4 mM EDTA, 1.4 mM MgAc 2 , 0.5 mM DTT, 2 mg Escherichia coli tRNA, 1 mg SSB, Table 1 . SNPs genotyped by AMASE and sequence of extension and modular probes * These oligonucleotides are synthesized with a 5¢ amino group. ² The modular probes are synthesized with a C3 spacer at the 3¢ terminus. ³ These modular probes were not consistently used.
20 U exonuclease-de®cient (exo±) Klenow DNA polymerase and optionally 8 mU apyrase. Immediately prior to extension, 40 ml of 2.5 mM dATP, dGTP, dTTP and Cy5 labeled dCTP (Amersham Pharmacia Biotech) was added to the extension mix and the solution injected over the slide. Extension was performed for 15 min at 28°C followed by a washing procedure performed as described above.
Scanning and data analysis after extension
The slides were scanned using the GMS 418 scanner (Affymetrix). Sixteen-bit TIFF images were then imported into GenePix 2.0 software (Axon Instruments, USA) for analysis. After the median local background was subtracted from the mean signal of the spots, the microarray data were subjected to a normalization procedure where the Cy5 extension signals were divided by the signals in the Cy3 channel [hybridization of Cy3 THC probe to the printed hybridization control (PHC probe) that was spiked into each extension primer solution prior to spotting]. As the intensity of this hybridization control should be constant from spot to spot it was used to normalize the spots for comparative purposes.
Initially, cluster analysis was performed on the data obtained. There were a total of eight spots of each allelespeci®c primer printed on each slide and the mean value of these spots was used for cluster analysis. The allelic fraction (estimates the relative amount of the major allele in the sample mixture) was computed as the relative proportion of the normalized intensities of each allele-speci®c primer (allelespeci®c primer 1/[allele-speci®c primer 1 + allele-speci®c primer 2]) as described previously where primer 1 represents the major allele and primer 2 the minor allele (20, 30) . Any primer pairs where both extension signals were below 500 (maximum signal is 65 000 using GenePix software) were excluded and were repeated. The allelic fraction values were then plotted versus the extension signals and ranges according to the three possible genotypes were computed.
RESULTS
The principle of AMASE has been illustrated previously in a real-time bioluminometric detection format (30) and here we describe the development of AMASE to accurately genotype polymorphisms in a microarray format (Fig. 1) . Allele-speci®c extension primers were designed for 10 single nucleotide substitutions and two indels in 11 different genes (Table 1) . These extension primers were covalently coupled to the chip surface, hybridized to the s/s targets and extended in situ usinḡ uorescent nucleotides. After extension, the microarray was scanned and¯uorescent intensities were measured and compared. We analyzed a total of 17 individuals by AMASE in this format.
In order to determine the optimal conditions for hybridization of the target DNA to the microarray we investigated factors such as insertion of a spacer sequence in the extension primers as well as the use of stabilizing modular probes. Allele-speci®c primers with and without a 15 T spacer were evaluated by hybridization and extension. In the majority of cases we found that the spacer improved the hybridization signal and stringency (data not shown), which is also supported by previous observations (33) . Furthermore, we have shown previously that a probe that anneals adjacent to the capture probe improves the hybridization ef®ciency when analyzed in a biosensor format (34, 35) . Here by comparing hybridization of labeled s/s DNA with and without a modular probe (anneals 5¢ of the allele-speci®c extension probe) we could con®rm a 1.5±5-fold improvement in hybridization signal on the microarray for the MTHFR and p53 targets, respectively (data not shown). Therefore, we chose to include modular probes for the investigated targets (Table 1) .
A control experiment to monitor template-independent extension was carried out by performing primer extension on the microarray in the absence of a DNA target. There appeared to be no self-extension of the oligonucleotides (15±20 nt locus-speci®c sequence and 15 T spacer) when the slides were scanned at the standard conditions used in this work (laser and PMT settings of 100±40). We also evaluated longer extension primers (35±39 nt) as it has been reported that a speci®c sequence of 50 nt produced superior genotyping results in comparison with primers with a stretch of 25 nt and a 15 T spacer (29) . However, while we observed higher absolute signals for such longer oligonucleotides, their discriminatory power was unimproved and they also showed more templateindependent extension, presumably because of increased secondary structure as described previously (29, 36 ).
Extension with apyrase
We then evaluated the performance of allele-speci®c extension on DNA microarrays, both with and without apyrase for typing the three possible variants of each of the 12 Figure 1 . Schematic illustration of AMASE on oligonucleotide microarrays. DNA (pre-hybridized to modular probe) is hybridized to a microarray of allele-speci®c extension primers whose 3¢ terminus is positioned at the SNP locus. Hybridization of a homozygous template generates both perfectly matched and mismatched duplexes, which are then subjected to extension with labeled nucleotides. In the presence of apyrase, extension of the mismatch is prevented resulting in the SNP being correctly typed. The dotted line corresponds to a 15 T spacer included at the 5¢ terminus of the locus-speci®c sequence. (Table 1) . Extension without apyrase resulted in ®ve different homozygous variants (14% of the total number of variants, i.e. 36) being incorrectly typed as heterozygous with extension ratios ranging from 1.3 to 2.5 ( Fig. 2A and B) . Notably, when apyrase was included all 36 different variants were correctly typed. Three of the ®ve variants were nucleotide substitutions and were incorrectly typed when apyrase was omitted, presumably due to the extension of the A:C, G:T and T:G primer:template mismatches in the case of Fibrinogen (Fbn) 854 (C/C and T/T) and glycoprotein IIIa (GPIIIa) (G/G), respectively ( Fig. 2A) . Indeed it has been reported previously that these three mismatches were extended by Taq DNA polymerase in the ampli®cation refractory mutation system (10) substantiating our theory that apyrase reduces extension of mismatched primers. Apyrase was also bene®cial in the typing of a 4G/5G insertion in the PAI gene and a 32 bp deletion in the CCR5 gene. Omission of apyrase resulted in these homozygous samples being incorrectly scored as heterozygous (Fig. 2B ). The primer:template mismatches that were extended in these cases when apyrase was omitted were A:C and T:C, respectively. Indeed, it has been observed previously that T:C mismatches were extended with exceptionally high ef®ciency (28).
Cluster analysis
AMASE was then used to type these 12 polymorphisms in up to 17 individuals and Figure 3 shows the raw data and the genotyping results obtained from one individual. We calculated the allelic fraction for each polymorphic site, which estimates the relative amount of the wild-type allele in the sample mixture facilitating genotype determination. Figure 4 shows the allelic fractions plotted against the total uorescence for all 12 polymorphisms showing well-de®ned clusters corresponding to the three possible genotypes. From these clusters we observed that there was some deviation from the expected allele fraction of 0.5 for heterozygote samples, i.e. allele fractions ranged from 0.35 to 0.65 (corresponds to extension ratios <2) with a standard deviation (SD) of 0.071 for all 58 heterozygote samples ( Fig. 3 and Table 2 ). The boundaries for heterozygous clusters were therefore allowed to range from T3-fold SD from the expected allele fraction of 0.5 as described previously (30) . This means that if a sample had an allele fraction between 0.29 and 0.71 it would be classi®ed as heterozygous. For homozygous samples we observed allele fractions ranging from 0.01 to 0.18 for the minor allele and from 0.86 to 0.99 for the major allele with a SD of 0.033 observed for the 119 samples homozygous for the major allele. As the allele fractions for homozygous samples should be as close as possible to 1 or 0, these values were used to calculate the boundaries for the homozygous samples. Boundaries were set in the same manner as for the heterozygous samples by taking 6-fold SD of these homozygous samples, which means that for a sample to be scored as homozygous for the minor or wild-type allele it must have an allele fraction`0.2 or b0.8, respectively. We used 6-fold homozygous SD in comparison to 3-fold heterozygous SD, as the homozygous SD represents only the variation below 1 (there were insuf®cient homozygous minor allele samples for statistical analysis of variation above 0) while the heterozygous SD represents the SD both above and below 0.5. These boundaries mean that for a sample to be called homozygous, one primer must be extended at least 4-fold more than the other primer. The ratios we obtained after extension with apyrase ranged from 4.6 to 314 with an average ratio of 23. These boundaries are superimposed on the clusters in Figure 4 , showing that all genotypes found fall well within the limits set. If samples fell outside these boundaries they would be classi®ed as ambiguous.
In addition we have tested all variants of each SNP to ensure that AMASE can successfully type the homozygous minor allele. In the case of Factor II (FII), a T/T genotype was unavailable due to the rare occurrence of the T allele but a heterozygous FII sample was cloned and the T clone was used to ensure the method could accurately genotype T/T variants. MTHFR and Factor V were typed in two additional individuals, as the 17 individuals genotyped here were not homozygous for the T allele.
DISCUSSION
The speci®city and ®delity of DNA/RNA polymerases depends on their ability to bind and extend a perfectly matched primer in comparison with a primer that is mismatched at the 3¢ terminus. This intrinsic property of polymerases is exploited in the development of allele-speci®c extension reactions but several reports on mismatches that are not refractory to extension cast doubt on the speci®city of these extension methods. Most of these studies report on terminal mismatches that are extended in PCR-based ampli®cation strategies, where a polymerase error in the ®rst or second cycle will accumulate exponentially, generating comparable amounts of matched and mismatched PCR products (10, 25, 26) . However, extension of primer:template mismatches in allele-based extension formats involving only one cycle of extension have also been reported (28, 30) .
Here we have performed allele-speci®c extension by exploiting the nucleotide-degrading capacity of apyrase together with the extension capability of DNA polymerase. In cases where a mismatch is present at the 3¢ terminus of the primer the rate of polymerization is slower than the rate of polymerization for a perfectly matched primer. When apyrase is included in the extension reaction it degrades the nucleotides before they can be incorporated into extension products generated from the mismatched primer.
The mismatches which appear to be least refractory to extension are the transition mutations, i.e. A(primer): C(template), C:A, G:T, T:G and C:T mismatches (10, 28) . The most frequent primer:template mismatch in this study was A:C and G:T (six of each formed), followed by two C:A/T:G, two C:T/A:G and one of each of the mismatches G:A/T:C and G:G/C:C. A comparison of four previously published studies on extension with mismatched primer:templates reported that as well as the more common transition mutations, the transversion mutations involving T:T, T:C and G:A mismatches were also subjected to extension (27) . All these mismatches which are not refractory to extension have been tested here, with the exception of T:T. Here we show the increased accuracy of apyrase-mediated extension as omission of apyrase resulted in four homozygote transition and one homozygous transversion mutation being incorrectly typed. Indeed in the case of Fbn 854, apyrase was essential for the correct typing of both homozygous variants.
We have applied this principle of AMASE to the typing of 10 SNPs and two indels in up to 17 individuals using oligonucleotide microarrays. Microarray technology offers a high-throughput format, facilitating the large-scale genotyping required for association studies. Preliminary data obtained using AMASE indicates that an array consisting of 10 000 spots of 20 extension primers (i.e. 500 spots of each oligonucleotide) allows successful genotyping from each pair of allele-speci®c primers (data not shown). The data also indicate that »1 fmol of target DNA is suf®cient for a quanti®able extension signal opening up the possibility for large-scale multiplex typing. A multiplex ampli®cation strategy is also a prerequisite for a high-throughput assay but is a common problem for most of the available SNP technologies, with techniques such as rolling circle ampli®-cation an attractive alternative to help overcome this problem (37) . In previous allele-speci®c extension reactions performed on multiplex PCR products, a reduction in absolute signal was observed but the extension ratios were the same (21) . In this context, the stabilizing modular probes may help achieve higher overall signals as they resulted in up to a 5-fold improvement in capture ef®ciency when employed here. One of the advantages of AMASE is that it is a rapid protocol as prolonging hybridization times did not improve the absolute signals. Also, template-independent extension is reduced in the presence of apyrase. Some self-extension of the extension primers was observed when the microarrays were scanned at maximum laser and PMT settings (these settings had to be greatly reduced when DNA templates were included as otherwise the extension signals were saturated). These selfextension signals were reduced by up to 8.5-fold when apyrase was included in the extension mix (data not shown). This suggests that less redesign of primers is necessary with AMASE in comparison with other allele-speci®c extension assays. Here only a single pair of allele-speci®c primers (Fbn 854) required redesign indicating the robustness of the technique. In addition, of course high quality oligonucleotides are important for successful genotyping.
The 198 genotypes scored here cluster into three possible genotypes for each SNP, with clear-cut boundaries observed for each genotype. Contrary to previous reports where the cluster diagrams for each SNP are shown separately with varying boundaries for each SNP (19, 21) , here we show the clusters for all 12 polymorphisms together. These boundaries mean that for a sample to be called homozygous, one primer most be extended at least 4-fold more than the other primer, which is in contrast to the 1.4-fold used for genotyping homozygous samples in a recently reported microarray allelespeci®c extension format (29) . Indeed, such low ratios are similar to the ratios we obtained for homozygous samples after extension without apyrase. Also, in that report, four SNPs failed due to insuf®cient discrimination yielding ratios of 1 and 1.2. Indeed, if the template had been genomic and not mitochondrial DNA, these SNPs would probably not have been considered as`failures' and instead would have been incorrectly typed as heterozygous. AMASE could also successfully type all possible variants of each SNP, unlike previous reports describing microarray-based allele-speci®c extension methods where the ability to type heterozygous (29) or all homozygous variants (21) was not tested.
In conclusion, we have developed an accurate microarraybased SNP typing method using¯uorescently labeled nucleotides, which should be applicable in large-scale SNP typing studies.
